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Abstract 

Background: For an efficient immune response against viral infection, dendritic cells (DCs) must express a 
coordinate repertoire of receptors that allow their recruitment to the sites of inflammation and subsequently to the 
secondary lymphoid organs in response to chemokine gradients. 

Several pathogens are able to subvert the chemokine receptor expression and alter the migration properties of DCs 
as strategy to escape from the immune control. 

Findings: Here we report the inhibitory effect of Human Herpesvirus 8 (HHV-8) on the migratory behavior of 
immature and mature DCs. We found that the virus altered the DC chemokine receptor expression and chemokine 
induced migration. Moreover HHV-8 was also able to interfere with basal motility of DCs by inducing cytoskeleton 
modifications. 

Conclusion: Based on our findings, we suggest that HHV-8 is able to subvert the DC migration capacity and this 
represents an additional mechanism which interferes with their immune-functions. 
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Findings 

Dendritic cells (DCs) are critical for initiating an adaptive 
immune response against microbial and tumor antigens 
[1]. Their function is strictly linked to their migration 
properties along chemokine gradients and other chemo- 
tactic factors [2]. Immature DCs (iDCs) and their precur- 
sors are recruited to the infection and inflammatory sites 
in response to inflammatory chemokines such as MIP1 
alfa and beta, CCL5/Rantes and CCL20 which bind to 
the chemokine receptors CCR1, CCR5, CCR2 and CCR6 
respectively [3-5] in the peripheral tissues, DCs can initi- 
ate the antigen uptake and processing which, together 
with the exposure to inflammatory signals, results in DC 
maturation. This process is followed by switch of the 
chemokines receptor repertoire, e.g. downregulation of 
CCR5 and upregulation of CCR7, which drives their mi- 
gration to secondary lymphoid organs mainly in response 
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to the CCL19 chemokine [6]. To evade immune control, 
several viruses have been shown to interfere with the mi- 
gratory capacity of DCs, as well as with their differenti- 
ation and maturation process. Vaccinia virus impairs 
migration and receptor switch of infected and bystander 
DCs [7], Human Respiratory Syncitial virus [8], Herpes 
Simplex virus [9] and Cytomegalovirus alter the chemo- 
kine-mediated migration by downregulating CCR1, 
CCR5 [10] and CCR7 [11] chemokine receptors on im- 
mature and mature DCs. Human Herpesvirus 8 (HHV- 
8), an oncogenic virus associated to Kaposi's Sarcoma 
and Primary Effusion Lymphoma [12] has been previ- 
ously shown to interfere with DC function [13] and im- 
pair the in vitro monocyte differentiation into DCs [14]. 
Here we asked if HHV-8 is also able to alter the pattern 
of chemokine receptor expression of monocyte-derived 
DCs and interfere with their migratory capacity. 

CD 14+ monocytes, obtained from healthy volunteers, 
were positively selected using anti-CD 14 MAb-conju- 
gated magnetic microbeads (Miltenyi Biotec). HHV-8 
was obtained from the HHV-8 positive but EBV-negative 
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PEL cell line BCBL-1 treated with 20 ng/ml tetradeca- 
noyl phorbol acetate (TPA) for 5 days to induce HHV-8 
replication. The virus stock was prepared as previously 
described [14]. HHV-8 infection was performed by incu- 
bating lxlO 6 monocytes for 2 hours at 37 0 C with 
100 \A of viral stock containing approximately lxlO 8 
-lxlO 9 viral copies/ml. Quantitation of viral yields was 
performed using polymerase chain reaction (PCR) amp- 
lification by comparison to the viral copy number of 
BCBL-1, which is known to have 70 viral copies/cell 
[15]. Purified monocytes, exposed or not to HHV-8, 
were cultured in RPMI 1640 containing 10 % heat inacti- 
vated fetal calf serum (Gibco) and recombinant human 



granulocyte-macrophage colony stimulating factor (GM- 
CSF) plus interleukin 4 (IL-4) (20 ng/ml each, Miltenyi- 
Biotec). After six days of infection, the viral antigen ex- 
pression, evaluated by immunofluorescence, showed that 
approximately 5-10 % of iDCs were LANA-positive, 
whereas the viral lytic antigens were not expressed (data 
not shown), in accordance with our previous study [14]. 
At the same time the iDCs were analyzed by Flow Cyto- 
metry for the surface expression of CCR6 and CCR5. 
Following exposure to HHV-8 the iDCs showed a 
reduced expression of CCR6, in comparison to the 
mock-treated iDCs, while the CCR5 expression was not 
affected (Figure la and b). In contrast with a previous 
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Figure 1 Chemokine receptor expression on DCs exposed or not exposed to HHV-8: flow cytometric analysis of chemokine receptor 5 and 
6 (CCR5 and 6) expression on immature DCs obtained after six days of culture (a and b) and of chemokine receptor 7 (CCR7) expression on LPS- 
matured DCs (c), exposed or not exposed to HHV-8. One representative experiment out of three is shown, a) iDCs mock: % mean±SD = 27±9.9, 
iDCs + HHV-8: % mean±SD =8.5±2.2; c) mDCs mock: MFI mean±SD = 2067±506; mDC + HHV-8: MFI mean±SD = 1 100±147. 



Cirone et al. Virology Journal 2012, 9:92 
http://www.virologyj.eom/content/9/1/92 



Page 3 of 5 



study [16] we found that CCR6 was expressed together 
with CCR5 on the surface of the monocyte-derived iDCs 
obtained in vitro from healthy donors. We then com- 
pared the exposed to HHV-8 or mock- treated DCs for 
their ability to acquire CCR7, after 24 hr treatment with 
LPS. We found that the DCs exposed to HHV-8 acquired 
CCR7 after LPS -exposure but the expression of CCR7 
was lower, in terms of mean fluorescence intensity (MFI) 
(Figure lc). It interesting to note that the reduction of 
chemokine receptor expression was substantial even if 
the percent of infected cells was low and this effect could 
be mediated by the viral binding to the DC surface mole- 
cules. To test if the altered chemokine receptor expres- 
sion of DCs obtained after exposure to HHV-8 was 
accompanied by an altered chemotactic responsiveness 
to the corresponding chemokines, we performed a mi- 
gration assay using the 96-transwell chemotaxis cham- 
bers containing 5 \im membrane inserts (Costar). 10 5 
iDCs, exposed or not exposed to HHV-8, counted by tri- 
pan blue exclusion, were allowed to migrate in response 
to CCL20, Rantes, MIP1 alfa and beta for 2 hours. 



The results obtained indicate that iDCs exposed to 
HHV-8 differ in the migration capacity towards CCL20 
(Figure 2a), in agreement with the observed down-regu- 
lation of the corresponding CCR6 receptor, while the mi- 
gration towards MlPlalfa, beta and Rantes was low and 
similar for both virus or mock treated DCs (data not 
shown). More importantly, the DCs exposed to HHV-8 
and matured with LPS showed reduced migration to- 
wards CCL19, in comparison to the LPS -treated mock- 
infected DCs (Figure 2b). CCL19 is an important chemo- 
kine that drives mature DCs to the secondary lymphoid 
organs, where they can initiate the T cell response. The 
entire population of cells migrated to the lower wells 
were counted by flow cytometry. The migration assay 
was performed in duplicate with three different donors 
and the results are reported as means plus SD of the per- 
centage of initial input. Finally, we observed that virus - 
exposed iDCs exhibited a reduced basal migration to- 
wards the medium without chemokines in comparison 
with the mock- treated iDCs (Figure 2c). The inhibition 
of spontaneous DCs motility induced by HHV-8 
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Figure 2 DC migration assay: immature and mature DCs exposed or not exposed to HHV-8 were allowed to migrate for 2 hours in response to 

CCL20 (a), CCL19 (b) or medium only (c). Mean plus SD of the percentage of initial imput of three independent experiments is indicated. 
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prompted us to investigate the organization of the cellu- 
lar cytoskeleton. To this aim, we performed an immuno- 
fluorescence analysis of microtubules and intermediate 
filaments in DCs exposed or not exposed to HHV-8. 
The cells were fixed with 4 % paraformaldehyde in PBS 
for 30 min, washed in 0.1 M glycine, permeabilized in 
0.1 % Triton X-100 and labeled with anti-vimentin and 
an ti- tubulin monoclonal antibodies. As shown in Figure 3 
we observed that the virus was responsible for reorgani- 
zation of the microtubules (a) and vimentin (b) network 
that could contribute to the impairment of DCs motility. 

CCR1, 2 and 5 are essential for the recruitment of 
immature DCs to the peripheral tissues, where they ini- 
tiate an effective immune response [4]. CCR6 seems to 
play a critical role in the recruitment of immature DCs 
and their precursors to sites of potential antigen-entry 
and in particular in the skin-homing of immature DCs 
and T cells [16]. Its specific interaction with CCL20 
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Figure 3 HHV-8 infection induces cytoskeleton reorganization 

of DCs: immunofluorescence analysis of fixed and permeabilized 
DCs, exposed or not exposed to HHV-8, using anti-tubulin (a) and 
anti-vimentin (b) monoclonal antibodies directed against the 
microtubules and intermediate filaments of the cytoskeleton. 



represents one of the exceptions to the general rule of 
promiscuity of chemokines and their receptors. After 
the antigen uptake and exposure to pro-inflammatory 
cytokines and factors, DCs mature and this process is 
accompanied by acquirement of chemokine receptors 
like CCR7 that drive the DCs to the secondary lymph- 
oid organs [17]. Several viruses have developed different 
strategies to interfere with DC functions [18] and mi- 
gration properties [7-9,11]. Among them HHV-8 has 
been previously shown by us and others to alter the 
DC cytokine production and reduce their ability to acti- 
vate T cells [13,14,19]. However, the influence on the 
migratory ability of DCs, previously observed for other 
herpesviruses [9,10,20], has not yet been investigated 
for HHV-8. Our data, showing lower CCR6 expression 
on iDCs and CCR7 on LPS-matured DCs after expos- 
ure to HHV-8, together with the reduced migration to- 
wards the corresponding chemokines, indicate that the 
virus is able to interfere with several steps of DC traffic 
through the body. In a attempt to find an underlying 
molecular mechanism of DC dysfunction mediated by 
HHV-8, observed in this and our previous study [14], 
we investigated the signal trasducer and activator of 
transcription-3 (STAT3) phosphorylation status in DCs. 
STAT3 has been previously reported to be responsible 
for abnormal DC differentiation in other pathological 
situations [21]. We found that the iDCs, exposed to 
HHV-8 and differentiated in vitro for six days, showed 
hyperphosphorylation of STAT3 (Tyr-705) in compari- 
son to the mock iDCs (Figure 4), suggesting that HHV- 
8 is able to activate this suppression pathway in DCs. 
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Figure 4 HHV-8-induced STAT3 phosphorylation: level of STAT3 
phosphorylation (p-STAT3) in the iDCs mock and after HHV-8 
exposure. Level of tubulin is also shown. Data for one of three 
representative donors are shown. 
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We have also shown that HHV-8 induces cytoskeleton 
modifications impairing their spontaneous migration 
and reducing their basal motility. The present finding 
adds for the first time HHV-8 to the list of viruses that 
alter the migratory capacity of DCs as an immune es- 
cape mechanism. 

Competing interest 

We have no competing financial or non financial interests. 
Acknowledgements 

This work was partially supported by grants from MIUR, Associazione Italiana 
per la ricerca sul Cancro (AIRC), progetto strategico ISS 9ACF/1 of Ministero 
della salute and Pasteur Cenci-Bolognetti foundation. 

Authors' contributions 

MC designed the experiments; MC, VC, AF, SV, RS and MG performed the 
experiments; MC, PT, LF and AF wrote the manuscript. All authors read and 
approved the final version of the manuscript. 

Received: 10 January 2012 Accepted: 14 May 2012 
Published: 14 May 2012 

References 

1. Banchereau J, Breire F, Caux C, Davoust J, Lebecque S, Liu YJ, Puledran B, 
Palucka K: Immunobiology of dendritic cells. Annu Rev Immunol 2000, 
18:767-811. 

2. Sozzani S, Allavena P, Vecchi A, Mantovani A: Chemokines and dendritic 
cell traffic. J Clin Immunol 2000, 20:151-160. 

3. Sozzani S, Luini W, Borsatti A, Polentarutti N, Zhou D, Piemonti L, D'Amico 
G, Power CA, Wells TN, Gobbi M, Allavena P, Mantovani A: Receptor 
expression and responsiveness of human dendritic cells to a defined set 
of CC and CXC chemokines. J Immunol 1997, 159:1993-2000. 

4. Caux C, Ait-Yahia S, Chemin K, de Bouteiller O, Dieu-Nosjean MC, Homey B, 
Massacrier C, Vanbervliet B, Zlotnik A, Vicari A: Dendritic cell biology and 
regulation of dendritic cell trafficking by chemokines. Springer Semin 
Immunopothol 2000, 22:345-369. 

5. Kallal LE, Schaller MA, Lindell DM, Lira SA, Lukacs NW: CCL20/CCR6 
blockade enhances immunity to RSV by impairing recruitment of DC. Eur 
J Immunol. 2010, 40:1042-1052. 

6. Forster R, Davalos-Misslitz AC, Rot A: CCR7 and its ligands: balancing 
immunity and tolerance. Nat Rev Immunol 2008, 8:362-371. 

7. Humrich JY, Thumann P, Greiner S, Humrich JH, Averbeck M, Schwank C, 
Kampgen E, Schuler G, Jenne L: Vaccinia virus impairs directional 
migration and chemokine receptor switch of human dendritic cells. Eur J 
Immunol 2007, 37:954-965. 

8. Grayson MH, Ramos MS, Rohlfing MM, Kitchens R, Wang HD, Gould A, 
Agapov E, Holtzman MJ: Controls for lung dendritic cell maturation 
and migration during respiratory viral infection. J Immunol 2007, 
179:1438-1348. 

9. Prechtel AT, Turza NM, Kobelt DJ, Eisemann Jl, Coffin RS, McGrath Y, Hacker 
C, Ju X, Zenke M, Steinkasserer A: Infection of mature dendritic cells with 
herpes simplex virus type 1 dramatically reduces lymphoid chemokine- 
mediated migration. J Gen Virol 2005, 86:1645-1657. 

10. Varani S, Frascaroli G, Homman-Loudiyi M, Feld S, Landini MP, Soderberg- 
Naucler C: Human cytomegalovirus inhibits the migration of immature 
dendritic cells by down-regulating cell-surface CCR1 and CCR5. J Leukoc 
Biol 2005, 77:219-228. 

11. Moutaftsi M, Brennan P, Spector SA, Tabi Z: Impaired lymphoid 
chemokine-mediated migration due to a block on the chemokine 
receptor switch in human cytomegalovirus-infected dendritic cells. J Virol 
2004, 78:3046-3054. 

12. Boshoff C, Weiss R: AIDS-related malignancies. Not Rev Cancer 2002, 
2:373-382. 

13. Rappocciolo G, Jenkins FJ, Hensler HR, Piazza P, Jais M, Borowski L, Watkins 
SC, Rinaldo CR Jr: DC-SIGN is a receptor for human herpesvirus 8 on 
dendritic cells and macrophages. J Immunol 2006, 1 7:1 741-1 749. 

14. Cirone M, Lucania G, Bergamo P, Trivedi P, Frati L, Faggioni A: Human 
herpesvirus 8 (HHV-8) inhibits monocyte differentiation into dendritic 



cells and impairs their immunostimulatory activity. Immunol Lett 2007, 

113:40-46. 

Lallemand F, Desire N, Rozenbaum W, Nicolas JC, Marechal V: Quantitative 
analysis of human herpesvirus 8 viral load using a real-time PCR assay. J 

Clin Microbiol 2000, 38:1404-1408. 

Schutyser E, Struyf S, Van Damme J: The CC chemokine CCL20 and its 
receptor CCR6. Cytokine Growth Factor Rev 2003, 14:409-426. 
Allavena P, Sica A, Vecchi A, Locati M, Sozzani S, Mantovani A: The 
chemokine receptor switch paradigm and dendritic cell migration: its 
significance in tumor tissues. Immunol Rev 2000, 177:141-149. 
Cunningham AL, Donaghy H, Harman AN, Kim M, Turville SG: Manipulation 
of dendritic cell function by viruses. Curr Opin Microbiol 2010, 13:524-529. 
Hensler HR, Rappocciolo G, Rinaldo CR, Jenkins FJ: Cytokine production by 
human herpesvirus 8-infected cells. J Gen Virol 2009, 90:79-83. 
Theodoridis AA, Eich C, Figdor CG, Steinkasserer A: Infection of dendritic 
cells with herpes simplex type 1 induces rapid degradation of CYTIP, 
thereby modulating adhesion and migration. Blood 2011, 118:105-115. 
Nefedova Y, Huang M, Kusmartsev S, Battacharya R, Cheng P, Salup R, Jove 
R, Gabrilovich D: Hyperactivation of STAT3 is involved in abnormal 
differentiation of dendritic cells in cancer. J. Immunol. 2004, 172:464-474. 



doi:1 0.1 1 86/1 743-422X-9-92 

Cite this article as: Cirone et al.: HHV-8 reduces dendritic cell migration 
through down-regulation of cell-surface CCR6 and CCR7 and 
cytoskeleton reorganization. Virology Journal 2012 9:92. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



